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U.S. Chemical Safety and Hazard Investigation Board 

 

The mission of the U.S. Chemical Safety and Hazard Investigation Board (CSB) is to  

drive chemical safety change through independent investigations  

to protect people and the environment. 

 

The CSB is an independent federal agency charged with investigating, determining, and reporting to the 

public in writing the facts, conditions, and circumstances and the cause or probable cause of any 

accidental chemical release resulting in a fatality, serious injury, or substantial property damages.  

The CSB issues safety recommendations based on data and analysis from investigations and safety 

studies. The CSB advocates for these changes to prevent the likelihood or minimize the consequences 

of accidental chemical releases.  

More information about the CSB and CSB products can be accessed at www.csb.gov or obtained by 

contacting: 

 

U.S. Chemical Safety and Hazard Investigation Board 

1750 Pennsylvania Ave. NW, Suite 910 

Washington, DC 20006 

(202) 261-7600 

 

The CSB was created by the Clean Air Act Amendments of 1990, and the CSB was first funded and 

commenced operations in 1998. The CSB is not an enforcement or regulatory body. No part of the 

conclusions, findings, or recommendations of the Board relating to any accidental release or the 

investigation thereof shall be admitted as evidence or used in any action or suit for damages arising out 

of any matter mentioned in such report. 42 U.S.C. § 7412(r)(6)(G). 

  

http://www.csb.gov/
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Executive Summary 

On April 26, 2018, at approximately 9:58 a.m., an explosion and subsequent fire occurred at Husky Energyôs 

Superior Refining Company LLC refinery in Superior, Wisconsin (ñHusky Superior Refineryò).a The incident 

occurred during a planned maintenance event, called a turnaround, with approximately 800-900 people on site, 

including employees and contractors. As a result of the explosion and fire, 36 refinery and contract workers 

were injured and sought medical attention, including 11 people who suffered Occupational Safety and Health 

Administration (ñOSHAò) recordable injuries. In addition, the chemical disaster caused approximately $550 

million in property damage. Husky Superior Refinery reported that it released 39,000 pounds of a flammable 

hydrocarbon vapor mixture during the event.b 

The explosion occurred while the refinery was shutting down its fluid catalytic cracking (ñFCCò) unit for the 

turnaround.c Two FCC unit vessels, the primary absorber and the sponge absorber, exploded at approximately 

9:58 a.m., shaking buildings up to a mile away and propelling over 100 metal fragments, some several feet long, 

up to 1,200 feet from their original location into the surrounding operating areas. Explosion debris punctured a 

nearby asphalt tank at the refinery, spilling hot asphalt that flowed outside of the tankôs containment area. 

Approximately 17,000 barrels of hot asphalt spread through the refinery and ignited at approximately 12:00 

p.m., causing fires to erupt at multiple operating areas of the refinery. The City of Superior evacuated 2,507 

residents within 2 miles north, 3 miles to the east and west, and 10 miles south of the refinery. To protect its 

residents, the City of Duluth, Minnesota, issued a shelter-in-place advisory at 8:00 p.m. The fires were 

extinguished before midnight. The shelter-in-place and evacuation orders were lifted at 6:00 a.m. the next day. 

In addition to concerns about smoke from the fires at the refinery, the City of Superior evacuation was based on 

the potential risk of a release of highly toxic hydrofluoric acid (ñHFò), which was stored at Husky Superior 

Refinery and used in the refineryôs HF alkylation unit.d Although the HF storage tank was not damaged by 

debris from the explosion and no release of HF occurred, the asphalt tank punctured by the explosion debris was 

located farther away from the point of the explosion than the refineryôs HF storage tank. Debris from the 

explosion could have punctured the HF storage tank, given its closer proximity to the point of explosion.e 

The Superior Fire Department, the City of Superior, the U.S. Coast Guard, the U.S. Environmental Protection 

Agency (ñEPAò), and the Wisconsin Department of Natural Resources (ñWDNRò) responded to the incident. 

Additionally, OSHA and the U.S. Chemical Safety and Hazard Investigation Board (ñCSBò) investigated the 

accident. 

 

 
a The incident occurred on the day shift. The refinery worked in two 12-hour shifts, a day shift and a night shift. 
b Husky Superior Refinery reported that the flammable mixture contained methane, ethane, ethylene, propane, propylene, butane, 

isobutane, 1-butene, 2-butene-cis, 2-butene-trans, pentane, and isopentane. 
c The FCC process described in this investigation was covered by OSHAôs Process Safety Management (ñPSMò) Standard and the EPAôs 

Risk Management Plan (ñRMPò) Rule. 
d HF is a highly toxic chemical that can fatally damage major internal organs if contacted through breathing [167]. 
e The CSB extensively addressed issues associated with facilities with HF alkylation units, including ñnear-missò incidents, in the CSBôs 

report on the 2019 explosion and fires at the Philadelphia Energy Solutions refinery [151]. 
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Safety Issues 

The CSBôs investigation identified the following safety issues: 

1. Transient Operation Safeguards 

At the time of the incident, Husky Superior Refinery was shutting down the FCC unit, a transient operation 

mode. Transient operations are a grouping of operating modes, such as shutdowns, startups, standby, and 

emergencies, where a process is changing over and is not in its normal operation mode. Transient operations can 

pose unique hazards that may not occur during normal process operations. 

During an FCC unit shutdown, it is critical to separate air from hydrocarbons to prevent an explosive mixture, 

because unlike most refinery operations, an FCC unit processes both air and flammable hydrocarbons inside 

interconnected process equipment, increasing the likelihood of an explosion. This separation is typically 

achieved using FCC technology-specific safeguards. Most of these safeguards were either not implemented or 

not effective at Husky Superior Refinery during its April 26, 2018, FCC unit shutdown. This report discusses the 

following safeguards: 

¶ Reactor steam barrier: Husky Superior Refinery did not establish or maintain a reactor steam barrier 

between air and hydrocarbons during the shutdown. By controlling the steam flow into the reactor 

during a shutdown, the FCC reactor can be maintained at a higher pressure than both the air side and the 

hydrocarbon side of the process and keep the air and hydrocarbons separated. In doing so, the reactor 

can serve as a ñsteam barrierò to help prevent the dangerous mixing of air with flammable 

hydrocarbons. 

¶ Main column gas purge: Husky Superior Refinery did not properly purge the main column overhead 

receiver during the shutdown to remove oxygen from the system. By adding a continual supply of non-

condensable gas to the main column, this safeguard helps sweep air out of the system to prevent the 

potential hazard of accumulating flammable concentrations of oxygen within this hydrocarbon-filled 

equipment. 

¶ Catalyst slide valves: Husky Superior Refinery relied entirely on catalyst slide valves to keep the air and 

hydrocarbon systems separated during the shutdown. FCC catalyst slide valves are known in most of the 

refining industry as insufficient safeguards to stop all flow between the air and hydrocarbon systems, 

because they are not designed to act as positive isolation devices. In addition, despite their ample 

physical size and the robust thickness of their metal components, one of the slide valves between the 

regenerator and the reactor at Husky Superior Refinery had worn from five years of operation. As a 

result, even though refinery operators properly closed this valve, the valve had eroded and provided an 

open path that allowed a large flow of air to enter the reactor and migrate into the hydrocarbon-filled 

equipment. The refineryôs process hazard assessments and layer of protection analysis study did not 

identify that the slide valves alone were not adequate safeguards to prevent an incident of this 

magnitude. 

Had Husky Superior Refinery implemented the safeguards above, the incident could have been prevented. All  

the safeguards discussed would have required adequately trained operators following a technically accurate 
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written operating procedure to shut down the FCC unit (discussed further in the following safety issues). In 

general, most safeguards necessary for safe transient FCC unit operations are procedure-based and rely heavily 

on operator actions, because not every action can be automated during an FCC shutdown. These procedural 

safeguards offer weaker protection compared with engineered safeguards. In such cases, hands-on operator 

training, such as drills and simulators, is crucial for hazardous operations that are controlled primarily by 

procedural safeguards, such as transient FCC operation. In addition, the petroleum refining industry should 

continue to design and implement safeguards that are higher on the ñhierarchy of controlsòa to improve process 

safety in FCC units during transient operation. 

2. Process Knowledge 

Husky Superior Refineryôs FCC technology-specific process knowledge was not sufficient to safely shut down 

the FCC unit for a turnaround. The refineryôs employees did not adequately understand or know how to 

effectively control the FCC unitôs transient operation hazards. As a result, Husky Superior Refinery was not 

aware that its FCC unit shutdown procedure was not aligned with the technology licensorôs guidance that had 

been in place and provided to the refinery since the unit was designed in 1960. For example, contrary to the 

technology licensorôs guidance which required pressure in the reactor to be higher than in the regenerator, the 

refineryôs shutdown procedure instructed operators to do the opposite and maintain the regenerator at a higher 

pressure than the reactor, which drove air into process equipment that contained flammable material and created 

the dangerous conditions that enabled the explosion to occur. 

For much of Husky Superior Refineryôs history, its FCC expertise was mostly in-house, and with minimal 

engagement with other refineries. While key individuals attended the licensorôs FCC training classes, this 

individual training did not establish sufficient knowledge or competency within Husky Superior Refinery to 

prevent the April 2018 incident. Husky Superior Refineryôs management encouraged individuals to attend 

industry events, but such participation was not mandatory. In addition, Husky Superior Refineryôs use of 

external technical experts was limited to assessing the FCC unitôs performance during normal operation. 

Although Husky Superior Refinery required its operations department to review and recertify its operating 

procedures annually, Husky Superior Refinery did not perform a technical review of its FCC unit operating 

procedures with its process engineers, the licensor, or outside consultants for at least 25 years prior to the 

incident, and possibly since the unit was commissioned around 1960. Had a multidisciplinary team reviewed the 

operating procedures, with guidance from a subject matter expert, the technical errors and omissions could have 

been identified and resolved to match the process technology information provided by the licensor, and the 

explosion could have been prevented. 

3. Process Safety Management Systems 

OSHAôs Process Safety Management (ñPSMò) Standard and the EPAôs Risk Management Plan (ñRMPò) Rule 

require facilities like Husky Superior Refinery to implement process safety management systems to identify, 

 
a The National Institute for Occupational Safety and Health (ñNIOSHò) defines the hierarchy of controls as ña way of determining which 

actions will best control exposures [to hazards in the workplace].ò According to NIOSH: ñThe hierarchy of controls has five levels of 

actions to reduce or remove hazards. The preferred order of action based on general effectiveness is: 1. Elimination; 2. Substitution; 3. 

Engineering controls; 4. Administrative controls; and 5. Personal protective equipment (PPE). Using this hierarchy can lower worker 

exposures and reduce risk of illness or injuryò [79]. Procedural safeguards fall under the category of administrative controls [69, p. 10]. 
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evaluate, and control their process hazards. This report discusses the following elements of Husky Superior 

Refineryôs process safety management systems that contributed to the incident: 

¶ Process safety information: Husky Superior Refinery did not maintain some of the FCC licensorôs 

critical safety technology as part of its process safety information (ñPSIò) package, which provides the 

fundamental basis for identifying and evaluating process hazards. Essential information describing how 

to shut down an FCC unit safely was not incorporated into the refineryôs operating procedures, process 

hazard analysis (ñPHAò), and operator training material. 

¶ Operating procedures: Husky Superior Refineryôs FCC unit shutdown procedure did not provide clear 

instructions for safely conducting activities consistent with the PSI. In addition, Husky Superior 

Refinery did not identify that recent changes to the operating procedure that were designed to minimize 

venting to the atmosphere during this shutdown, along with the absence of steps to purge oxygen out of 

the system, made it even more likely that oxygen would accumulate in the FCC unit. As a result, during 

the April 2018 FCC unit shutdown, use of the FCC unitôs most recent shutdown procedure created 

dangerous conditions that led to the explosion. 

¶ Process hazard analysis: Husky Superior Refineryôs FCC unit PHA teams did not specifically evaluate 

the hazards of following the refineryôs most recent shutdown procedure or otherwise use a methodology 

that enhanced identification of transient operations hazards. As a result, the refinery did not identify, 

analyze, and control transient operation hazards that led to the explosion. 

¶ Operator training: Husky Superior Refineryôs operator training program did not prepare the FCC 

operators to shut down the unit safely or respond to abnormal situations properly. The lack of known 

FCC-related safety concepts in the refineryôs written training manual, combined with the lack of trainer 

qualifications and hands-on practice opportunities, led to poor operator training and contributed to the 

incident.  

4. Industry Knowledge and Guidance 

Husky Superior Refinery incident occurred less than one year after the CSB released its investigation of another 

FCC unit transient operation explosion in California. In 2015, an explosion occurred in the ExxonMobil 

Torrance, California refinery while workers were attempting to isolate equipment for unscheduled maintenance 

while the FCC unit was in an idled mode of operation. Preparations for the maintenance activity caused a 

pressure deviation that disturbed the reactor steam barrier, allowing flammable hydrocarbon to backflow from 

the main column through the regenerator, and into the electrostatic precipitator (ñESPò), a pollution control 

device, where it ignited and exploded. 

After the CSB released its ExxonMobil Torrance Refinery investigation report and a safety video in 2017, the 

American Fuel and Petrochemical Manufacturersô (ñAFPMò) association helped disseminate the lessons from 

the ExxonMobil Torrance Refinery incident through its industry conference later that year. Despite these 

educational efforts, Husky Superior Refinery employees were not aware of or did not learn lessons from the 

ExxonMobil Torrance Refinery incident in a way that could have helped them to prevent the April 2018 

incident. The workforce appeared to understand that flammable hydrocarbons had flowed from the ExxonMobil 

Torrance Refineryôs main column into the regenerator and exploded in the electrostatic precipitator, but they did 
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not recognize that the reverseðair flowing into hydrocarbon systems downstream of the main columnðwas 

also possible. In addition, employees responsible for Husky Superior Refinery FCC unit did not discuss or 

appear to understand that the failure of the reactor steam barrier was a cause of the ExxonMobil Torrance 

Refinery explosion. A recent industry survey covering FCC operating practices suggests that similar process 

knowledge gaps may exist at other refineries. 

FCC technology is developed and licensed by more than six companies, each with its own designs and 

configurations. Furthermore, portions of many older FCC units in the United States have been revamped by 

multiple technology licensors. Currently, there is no industry publication that establishes common basic process 

safety expectations for all FCC units. In addition, FCC process safety messages from publicly available industry 

publications are inconsistent. Most refinery technology textbooks do not adequately cover FCC unit process 

hazards or critical safety learnings from past FCC unit incidents. To prevent future chemical disasters, the 

refining industry must address the FCC unit process safety knowledge gaps that may still exist at other facilities. 

5. Brittle Fracture During Extreme Events 

The primary absorber and sponge absorber vessels in the Husky Superior Refinery FCC unit failed by brittle 

fracture (shattering like breaking glass), which sent more than a hundred pieces of metal debris throughout the 

refinery, striking workers and operating equipment. These vessels were constructed of the American Society of 

Testing and Methods (ñASTMò) A-212 and A-201 grade steels, which are no longer recommended for new 

equipment. Had the vessels been constructed of a newer grade of steel with better toughness properties, they 

should have ruptured by ductile fracture (tearing open like a zipper or fish mouth) with a reduced impact on the 

surrounding area. 

6. Emergency Preparedness 

The explosion debris struck an upper portion of an asphalt tank, which caused asphalt to spill outside the 

containment area and into the refinery. The likely ignition source that ignited the asphalt was pyrophoric 

material inside the storage tank that smoldered when exposed to the air that entered through the punctured tank 

wall. Husky Superior Refinery could not prevent the hot asphalt from igniting due to the unexpected extent of 

the spill, competing priorities of responding to the FCC unit explosion, and uncertainty by refinery employees 

about how to properly mitigate a large area of spilled hot, ignitable asphalt. 

Cause 

The CSB determined that Husky Superior Refinery explosion, which occurred during the shutdown of the FCC 

unit, was caused by inadvertently directing air inside the regenerator through the reactor, and the main column, 

and then into the gas concentration unit. As the air continued flowing into the gas concentration unit, oxygen 

accumulated and formed a flammable mixture inside the primary and sponge absorbers. The oxygen also reacted 

with existing pyrophoric material inside this equipment, creating the ignition source for the explosion (Figure 

1). 

The failure to control the air flow during the shutdown was the result of Husky Superior Refineryôs deficiencies 

in FCC unit process knowledge about critical FCC unit transient operation safeguards that could have prevented 

the inadvertent mixing of air and hydrocarbons during a shutdown. These safeguards include establishing a 
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reactor steam barrier to separate the air from the rest of the hydrocarbon-filled equipment and purging the main 

column to the flare system with a non-condensable gas to prevent oxygen accumulation. These vital FCC unit 

safeguards are generally known and broadly applied within the refining industry. Not applying these safeguards 

allowed oxygen to enter and accumulate in process equipment containing flammable material, which ignited and 

exploded. Husky Superior Refinery also failed to ensure the integrity of its FCC unit slide valves for use during 

transient operation. A severely eroded slide valve contributed to the incident by allowing more air to pass from 

the regenerator into the reactor. 

Husky Superior Refinery did not effectively implement process safety management systems, which also 

contributed to the incident. These ineffective management systems included Husky Superior Refineryôs process 

safety information which did not include the FCC technology licensorôs operating manual, process hazard 

analyses that did not effectively identify or control hazards inherent in FCC unit transient operation, operating 

procedures that omitted key steps, lacked clear instructions, and were not technically evaluated, and an operator 

training program that did not effectively prepare the operators to shut down the FCC unit safely. 

The process vessels that exploded were constructed from a grade of steel that was susceptible to brittle fracture, 

contributing to the severity of the incident. The force of the explosion shattered these steel vessels and sent large 

metal fragments throughout the refinery, one of which struck and punctured the nearby asphalt tank. Had the 

process vessels been made of a more ductile steel, the explosion would more likely have torn open (fish 

mouthed) the vessels with fewer, if any, dangerous metal projectiles. Also contributing to the severity of the 

incident was the fire that resulted from the refineryôs inability to contain and control the hot, ignitable asphalt 

spill. 

 
Figure 1. Air flow through the FCC unit that caused the explosion. (Credit: CSB) 
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Recommendations 

To Cenovus Superior Refinery 

2018-02-I-WI -R1 

Establish safeguards to prevent explosions in the FCC unit during transient operation (including startup, 

shutdown, standby, and emergency procedures). Incorporate these safeguards into written operating procedures. 

At a minimum establish the following specific safeguards: 

a) Implementation of the reactor steam barrier, or a similar inert gas flow, to maintain an inert barrier at an 

elevated pressure between the main column (containing hydrocarbon) and the regenerator (containing 

air); 

b) Purging the main column with a non-condensable gas as needed to prevent a dangerous accumulation of 

oxygen in the main column overhead receiver; 

c) Monitoring to ensure that there is a sufficient non-condensable gas purge of the main column to prevent 

a dangerous accumulation of oxygen in the main column overhead receiver (either through direct 

measurement of the oxygen concentration and/or through engineering calculation); 

d) Monitoring of critical operating parameters for flows, pressures, pressure differences, and catalyst 

levels; 

e) Documentation of consequences of deviating from the transient operation safe operating limits and of 

predetermined corrective actions; and 

f) Inclusion of the above items in the appropriate FCC operator training curricula. 

2018-02-I-WI -R2 

Based on licensor input and good industry practices, determine the appropriate point(s) in the FCC unitôs 

shutdown procedures to shut down all wet gas compressor(s). Incorporate this information into all FCC unit 

shutdown procedures and operator training material. 

2018-02-I-WI -R3 

Develop and implement a slide valve mechanical integrity program that addresses erosion and ensures proper 

functioning of the slide valves during a shutdown. The program must include, at a minimum: 

a) A slide valve mechanical integrity standard that defines monitoring and inspection requirements, with 

acceptance criteria, required for the safe operation of the FCC unit during transient operation (such as a 

startup, shutdown, standby, and emergency).  

b) Monitoring that includes process data analysis and mechanical preventive activities to evaluate the 

mechanical condition of the slide valves during the operation of the FCC unit between turnarounds; 

c) Quarterly presentations of process data and mechanical preventive maintenance data to refinery 

operations management and maintenance management to drive key decisions such as shortening the 

turnaround cycle and/or planning a maintenance outage; 

d) During turnarounds and other potential slide valve maintenance outages, evaluate the adequacy of the 

slide valve mechanical integrity program for the safe operation of the FCC unit during transient 

operation. If the inspection demonstrates unsuccessful performance, make appropriate corrections. 
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During the next major FCC unit turnaround at Cenovus Superior Refinery, demonstrate that the slide valve 

mechanical program is adequate for the safe operation of the FCC unit during transient operation. If the 

inspection demonstrates unsuccessful performance, make appropriate corrections to the slide valve mechanical 

integrity program. 

2018-02-I-WI -R4 

Develop emergency procedures for responding to a loss of catalyst slide valve function (for example, when it 

leaks excessively or fails to close on demand). 

2018-02-I-WI -R5 

Develop guidance for analyzing operating procedures to improve transient operation hazard evaluations during 

PHAs. Refer to section Chapter 9.1 in the CCPS publication Guidelines for Hazard Evaluation Procedures, 3rd 

Ed. or an appropriate equivalent resource to develop the guidance. Incorporate the guidance into the appropriate 

Cenovus Superior Refinery PHA procedural documents and policies. 

2018-02-I-WI -R6 

Develop and implement an FCC unit operator, supervisor, and manager training program based on the licensorôs 

guidance and on available industry guidance. Elements of the training program shall include: 

a) A set of written training materials (such as a manual) consistent with the licensorôs technology 

information, encompassing: 

i) FCC equipment; 

ii)  Normal operations; 

iii)  Transient operations (including startup, shutdown, standby, and emergency); and 

iv) Case studies of industry FCC industry incidents, including ExxonMobil Torrance (2015) and this 

incident; and 

b) Training delivery methods including: 

i) Group and individual training; and 

ii)  Simulator training for board operators. 

2018-02-I-WI -R7 

Incorporate lessons learned from this incident into the appropriate training materials for the Cenovus Superior 

Refinery Emergency Response Team. At a minimum, topics shall include the proper response to liquids 

potentially stored above their flash point, such as asphalt, and the ignition risk of pyrophoric material inside 

asphalt storage tanks. 

To Cenovus Energy 

2018-02-I-WI -R8 

For all Cenovus operated refineries with FCC units, develop and implement an FCC unit-specific PHA guidance 

document as part of each FCC unitôs ongoing PHA update/revalidation cycle, including the Cenovus Superior 

Refinery. The PHA guidance document should be updated with new industry knowledge as it becomes available 

(for example, from AFPM, CCPS, and API). The PHA guidance document should include a requirement to 
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review available licensor and industry guidance for FCC unit PHA scenarios and recommended safeguards and 

at a minimum, include information related to transient operation safeguards listed in CSB Recommendation 

2018-02-I-WI-R1. 

2018-02-I-WI -R9 

Develop and implement a technology-specific knowledge-sharing network program across all Cenovus operated 

refineries, which at a minimum includes an FCC technology peer network. The peer network(s) must include 

engineers, operations management, and operations staff from each site that uses the technology, including the 

Cenovus Superior Refinery. The network(s) must meet at least annually to discuss process safety topics in the 

technology including: 

a) Relevant incidents and near-misses at the refineries and/or in industry; 

b) Refinery learnings in implementing process safety improvements; 

c) Relevant industry tools, bulletins, and knowledge-sharing documents, such as those published by 

AFPM, CCPS, and API; and 

d) Relevant updates to industry publications and standards. 

2018-02-I-WI -R10 

Include and maintain the FCC technology licensorsô operating manuals in the process safety information 

packages for all FCC units, including the FCC unit at Cenovus Superior Refinery. 

To U.S. Occupational Safety and Health Administration (OSHA) 

2018-02-I-WI -R11 

Develop guidance documents for performing process hazard analysis on operating procedures to address 

transient operation hazards in facilities with Process Safety Management (PSM) covered processes. 

To U.S. Environmental Protection Agency (EPA) 

2018-02-I-WI -R12 

Develop a program that prioritizes and emphasizes inspections of FCC units in refineries that operate HF 

alkylation units (for example, under EPAôs National Compliance Initiative called Reducing Risks of Accidental 

Releases at Industrial and Chemical Facilities). As part of this program, verify FCC unit safeguards that prevent 

explosions during transient operation (including startup, shutdown, standby, and emergency procedures). At a 

minimum the program will verify the following specific safeguards: 

a) Implementation of the reactor steam barrier, or a similar inert gas flow, to maintain an inert barrier at an 

elevated pressure between the main column (containing hydrocarbon) and the regenerator (containing 

air); 

b) Purging the main column with a non-condensable gas as needed to prevent a dangerous accumulation of 

oxygen in the main column overhead receiver; 

c) Monitoring to ensure that there is a sufficient non-condensable gas purge of the main column to prevent 

a dangerous accumulation of oxygen in the main column overhead receiver (either through direct 

measurement of the oxygen concentration and/or through engineering calculation); 
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d) Monitoring of critical operating parameters for flows, pressures, pressure differences, and catalyst 

levels; 

e) Documentation of consequences of deviating from the transient operation safe operating parameters and 

of predetermined corrective actions; and 

f) Inclusion of the above items in the appropriate FCC operator training curricula. 

This recommendation is in addition to the recommendations to EPA relating to hydrofluoric acid outlined in the 

CSBôs report on the 2019 fire and explosions at the Philadelphia Energy Solutions refinery. In that report, the 

CSB recommended (1) that the EPA prioritize inspections of refinery HF alkylation units to ensure units are 

complying with API good practice guidance, (2) to require petroleum refineries with HF alkylation units to 

evaluate inherently safer technology, and (3) to initiate prioritization and, as applicable, risk evaluation of HF 

under the Toxic Substances Control Act. 

To American Petroleum Institute (API) 

2018-02-I-WI -R13 

Using APIôs processes to determine the appropriate safety product, develop a publicly available technical 

publication for the safe operation of fluid catalytic cracking (FCC) units. The document should be applicable to 

both new and existing units. Include the following topics at a minimum: 

a) Description of typical FCC unit hazards, including air leaks into hydrocarbon systems or hydrocarbon 

leaks into air systems that could form a flammable mixture during transient operation (startup, 

shutdown, standby, and the actions required to transition between these modes). If needed, include 

differences between possible reactor/regenerator configurations; 

b) Recommended practices for safeguards to control FCC unit hazards; 

c) Recommended monitoring for process safety during FCC unit transient operations; 

d) Recommended emergency operating procedures for FCC-specific scenarios; 

e) PHA guidance for key FCC-specific scenarios, including transient operation; 

f) Recommended FCC-specific field and board operator process safety training topics and methods; 

g) Guidelines for process safety assessments of FCC units; and 

h) Incorporate lessons learned from this CSB investigation and the CSBôs ExxonMobil Torrance Refinery 

Electrostatic Precipitator Explosion investigation throughout the document and include references in the 

documentôs bibliography.  

2018-02-I-WI -R14 

Modify the appropriate existing recommended practice (for example, API RP 553, Refinery Valves and 

Accessories for Control and Safety Instrumented Systems) to include information about the purpose, design, 

maintenance, and testing of additional FCC catalyst slide valve components, including the slide valve body. If 

an API product other than API RP 553 is modified, API RP 553 should guide the reader to that reference. 

2018-02-I-WI -R15 

Incorporate lessons learned from the FCC Unit Explosion and Asphalt Fire at Husky Superior Refinery incident 

into the appropriate API products (for example, API RP 2023, Guide for Safe Storage and Handling of Heated 

Petroleum-Derived Asphalt Products and Crude Oil Residua, or API RP 2021, Management of Atmospheric 

https://www.csb.gov/recommendations/?F_InvestigationId=3604
https://www.csb.gov/recommendations/?F_InvestigationId=3604
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Storage Tank Fires). At a minimum, topics shall include the flammability of heated material such as asphalt and 

the ignition risk of pyrophoric material inside asphalt storage tanks. Include a reference to this CSB 

investigation in the documentôs bibliography. 

To Honeywell UOP (Universal Oil Products, UOP) 

2018-02-I-WI -R16 

Participate in the API committee that develops a technical publication for the safe operation of FCC units. 
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1 Background 

1.1 Husky Energy 

Husky Energy Inc. (ñHuskyò), founded in 1938, was an integrated energy company headquartered in Calgary, 

Alberta [1]. It had two core businesses: (1) the Integrated Corridor, which included Upstream and Downstream 

operations in Western Canada and the United States; and (2) Offshore production in the Asia Pacific and 

Atlantic Canada Regions [2]. The company marketed and distributed a range of petroleum-based products, 

including crude oil, natural gas, gasoline, diesel, jet fuel, asphalt, lubricants, and ancillary products [3]. 

The Integrated Corridor business produced heavy oil from Huskyôs assets in Saskatchewan and Alberta, and 

refined them into marketable products at the companyôs Downstream assets in Canada and the United States [4, 

5]. Huskyôs Downstream business included three refineries in the United States: Lima, Ohio; Superior, 

Wisconsin; and Toledo, Ohio [6]. Husky has a 50 percent ownership of the BP-Husky Toledo refinery through a 

joint venture with BP p.l.c. [7]. Husky Marketing and Supply Company (HMSC), based in Ohio, bought and 

sold the petroleum products produced by affiliates and purchased from third parties [3]. 

Cenovus Energy Inc. (ñCenovusò), a Canadian oil and natural gas company, merged with Husky Energy on 

January 1, 2021. Husky was amalgamated into Cenovus on March 1, 2021 [8, 9, 10]. In addition to the Lima, 

Superior, and Toledo refineries, Cenovus has a 50 percent stake in two additional U.S. refineries in Roxana, 

Illinois and Borger, Texas through a joint venture with Phillips 66 [7]. 

1.2 Husky Superior Refinery 

Husky Superior Refinery (now called Cenovus Superior Refinery), built in 1950 [11], is the only refinery in 

Wisconsin and processes up to 50,000 barrels per day of crude oil [12]. It employs about 200 workers and 

allowed Husky to service the U.S. Midwest market with its products including asphalt, gasoline, and diesel [13, 

14]. Murphy Oil Corporation owned the Superior Refinery from 1958 until its sale to Calumet Specialty 

Products Partners, LLP (ñCalumetò) in 2011 [15, 16]. Huskyôs subsidiary, Superior Refining Company (ñSRCò), 

acquired the Superior Refinery from Calumet on November 8, 2017, 170 days before the April 26, 2018 incident 

[17]. 

The Superior Refinery operated under multiple owners throughout its history. Calumet described in a letter to 

the U.S. Chemical Safety and Hazard Investigation Board (ñCSBò) its previous relationship with the refinery: 

During the time that Calumet owned Calumet Superior, LLC, the vast majority 

of policies and standards addressing process safety [...] were maintained at the 

local Superior level by the plant management team of Calumet Superior, LLC, 

not Calumet Specialty. Murphy Oil, which owned the refinery before Calumet 

(as well as all of the prior owners of the refinery), took a similar, local approach 

to such policies and procedures. As a result, the refinery-specific policies and 

procedures were consistently and continuously maintained by local leadership 

since 1958. These policies and procedures were part of the Calumet Superior, 
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LLC books and records which transferred, along with the entire workforce, to 

Husky upon the sale. 

When Huskyôs subsidiary SRC bought the Superior Refinery in 2017, it brought into the refinery Huskyôs 

policies, which included corporate standards for controlling the risk of major accidents. According to Huskyôs 

corporate standard documents, ñHuskyôs Operational Integrity Management System (HOIMS) create[d] a 

framework for identifying hazards and establishing processes to eliminate, mitigate or control them.ò Since the 

Husky and Cenovus merger, Cenovus reported applying a similar operational excellence management system 

across its organization, referring to it as Cenovus Operations Integrity Management System (COIMS) in a 3rd 

quarter 2021 corporate presentation [18, p. 7] and on its website in 2022 [19]. 

Wisconsin is under federal Occupational Safety and Health Administrationôs (ñOSHAò) jurisdiction, which 

means that Cenovus Superior Refinery (formerly known as Husky Superior Refinery) is subject to federal 

OSHA regulations including the Process Safety Management (ñPSMò) Standard [20].a Cenovus Superior 

Refinery is also regulated under EPAôs Risk Management Plan (ñRMPò) Rule. 

1.3 Surrounding Area 

Husky Superior Refinery is located in the city of Superior, Wisconsin, which covers 45 square miles and has a 

population of over 27,000 [21]. Superior shares a harbor with Duluth,b Minnesota, and both cities form a single 

metropolitan area called the Twin Ports [22] (Figure 2). 

 
a 29 C.F.R. § 1910.119 
b Duluth has a population of about 87,000 [190]. 

https://www.ecfr.gov/current/title-29/subtitle-B/chapter-XVII/part-1910/subpart-H/section-1910.119
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Figure 2. Aerial image of Superior, Wisconsin. (Credit: Google Maps with annotations by CSB) 

While Husky Superior Refinery is surrounded primarily by industrial facilities, there are some residences, a golf 

course, and an airport within approximately one mile of the refinery. Figure 3 shows the census blocks within 

approximately three miles of Husky Superior Refinery. Table 1 summarizes the demographic information of the 

population residing within the labeled blocks. There are more than 18,000 people residing in more than 8,500 

housing units, approximately two-thirds of which are single units, within three miles of Husky Superior 

Refinery. In general, the population in the area is predominantly white, with 12 percent of the population below 

the poverty level. Appendix C contains further demographic information for each census block.  
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Figure 3. Census blocks in an approximately three-mile distance from Husky 
Superior Refinery. (Source: Census Reporter [23] with annotations by CSB) 

Table 1. Summarized demographic data for the populations within the census blocks 
shown in Figure 3. (Source: Census Reporter [23]) 

Population 
Race and 

Ethnicity  

Per Capita 

Income 

% 

Poverty 

Number 

of 

Housing 

Units 

Types of Housing Units 

       18,625  

White 90% 

 $    27,738  12%      8,538  

Single Unit 66% 

Black 1% Multi -Unit 31% 

Native 1% Mobile Home 3% 

Asian 1% Boat, RV, Van, etc. 0% 

Islander 0% 

  

Other 0% 

Two+ 4% 

Hispanic 2% 
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1.4 Fluid Catalytic Cracking (FCC) Unit 

The explosion at Husky Superior Refinery occurred in the refineryôs fluid catalytic cracking (ñFCCò) unit. The 

FCC unit converts heavy, low-value hydrocarbons into lighter, high-value products such as gasoline and diesel 

using a chemical reaction.a The chemical reaction that breaks large hydrocarbon molecules into smaller 

molecules is called a cracking reaction [24, p. 120]. 

FCC technology uses a powder-like catalyst that behaves like a liquid when it is aerated, or ñfluidizedò (Figure 

4) [24, pp. 1, 233, 25, p. 5]. Catalyst continually circulates between a reactor, where it interfaces with flammable 

hydrocarbons, and a regenerator, where carbon byproducts burn off the catalystôs surfaces at high temperatures 

in the presence of air. Figure 5 shows the catalyst circulation loop with blue arrows [25, p. 5]. During normal 

operation, the only thing that separates the mixing of flammable hydrocarbons from the air within the 

regenerator is a tightly controlled pressure balance that enables a continual catalyst circulation between the 

reactor and the regenerator [24, p. 245]. 

  
Figure 4. Left: FCC catalyst. Right: A bubbling fluidized bed. (Credit: [26], [27])b 

 
a In a typical refinery, the crude unit separates crude oil into various products by boiling ranges. Transportation fuels, such as gasoline 

and diesel, have lower boiling points than heavier material such as gas oils and residuum. Typical FCC feed is called gas oil. In addition 

to gasoline and diesel, the FCC produces olefinic gases such as propylene and butylene, which are building blocks for alkylate, a high-

octane gasoline component, and/or other petrochemicals. Refiners optimize their FCC unitsô operation to meet the refineryôs production 

goals [29, pp. 1, 164-165, 28, pp. 1-9]. 
b This short video demonstrates the fluid behavior of the aerated catalyst. 

https://www.youtube.com/watch?v=VMENI4_wix4
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Figure 5. Simplified process flow diagram of Husky Superior RefineryΩǎ C// ǳƴƛǘΦ ό/ǊŜŘƛǘΥ /{.ύ 

The cracking reaction takes place inside the reactor riser (Figure 6) [25, p. 5]. After the reactor separates the 

catalyst from the products, the hydrocarbon product vapor continues to the main column. The main column and 

gas concentration unit (ñGasConò) separate the hydrocarbons coming out of the reactor into various product 

streams. The explosion occurred in the gas concentration unit. 

1.4.1 Reactor and Regenerator 

Husky Superior Refinery licenses its FCC technology from Honeywell UOP (Universal Oil Products, ñUOPò). 

Husky Superior Refineryôs FCC unit, designed in 1960, used UOPôs stacked design technology, meaning that 

the reactor vessel is on top of the regenerator [28, p. 210]. See Figure 6 for Husky Superior Refineryôs reactor 

and regenerator configuration. The reactor is depicted in blue, and the regenerator is depicted in purple. Arrows 

show catalyst, hydrocarbon, air, and steam flow paths for normal operation. Approximate catalyst operating 

levels are shown in yellow. 
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Figure 6. Husky Superior RefineryΩǎ ǎǘŀŎƪŜŘ C// ǊŜŀŎǘƻǊκǊŜƎŜƴŜǊŀǘƻǊ 
configuration showing flow paths during normal operation. (Credit: CSB) 

During normal operation, liquid hydrocarbon feed enters the bottom of the riser, a tall vertical pipe where the 

liquid vaporizes as it contacts hot catalyst. The hydrocarbon cracks into smaller molecules while it flows with 

the catalyst to the top of the riser over about two seconds. Cyclones separate the vapors from the catalyst at the 
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top of the reactor. Vapor reactor products flow into the main column for further processing, while the catalyst 

collects at the bottom of the reactor, called the stripper. Inside the stripper, steam removes, or ñstrips,ò additional 

hydrocarbon products from the catalystôs surface. Catalyst coming out of the stripper, called spent catalyst, is 

less active due to coke (carbon-rich solid material) deposits that accumulate on the catalystôs surface during the 

reaction. Before returning to the reactor, these coke deposits are removed to ñregenerateò the spent catalyst. 

The spent catalyst slide valve, located beneath the stripper, controls the level of catalyst inside the reactor by 

adjusting catalyst flow into the regenerator. In the regenerator, air supplied from the atmosphere through an air 

blowera fluidizes the catalyst and provides the oxygen to burn the coke off the catalyst at about 1300 to 1350 

degrees Fahrenheit. Air and combustion products, called flue gas, are routed to the atmosphere. The regenerated 

catalyst slide valve controls the flow of hot catalyst back into the riser, where steam or process gas conveys the 

catalyst up the riser to repeat the cycle. The unit operates in a tightly controlled pressure balance where the 

catalyst loops continually throughout the system, driven by differential pressure between the regenerator and 

reactor vessels [29, p. 39, 25, p. 8].b 

A differential pressure instrument measures the ñregenerator-reactor differential pressure,ò which is the 

difference between the pressure inside the regenerator and the pressure inside the reactor, measured at the top of 

each vessel (Figure 8). During normal operation, Husky Superior Refineryôs regenerator operates at a higher 

pressure than the reactor, meaning that the regenerator-reactor differential pressure is a positive value (greater 

than zero), similar to FCC units in other refineries [30, p. 11].c 

The flue gas system downstream of the regenerator cools down and removes particulate matter from the gas 

before it is routed to atmosphere. Husky Superior Refinery uses an electrostatic precipitator (ñESPò)d to remove 

flue gas particulate matter. 

1.4.2 Catalyst Slide Valves 

Slide valves are a typical feature of most FCC unit designs [31, p. 444, 25, p. 8]. They are gate-type valves that 

open and close by sliding a disc across an orifice (Figure 7) [32, p. 1354]. According to UOPôs FCC Unit 

General Operating Manual, the primary purpose of the FCC spent and regenerated catalyst slide valves is to 

control catalyst flow. FCC catalyst slide valve components need to move freely, allowing for thermal expansion 

at high temperatures; therefore, their design requires clearances that allow for a certain amount of leakage, even 

when they are brand new and fully closed [33, pp. 5-7, 34, p. 10, 35, p. 12]. The locations of some of the 

clearances, typically around 0.04 to 0.06 inches wide, are indicated in yellow dashed lines in Figure 7 [33, p. 6, 

30, p. 12]. 

 
a Husky Superior Refineryôs FCC unit had a main air blower and an auxiliary air blower. 
b During normal operation, process control instrumentation typically controls flow, temperature, pressure, and catalyst levels in FCC 

units to maintain stable, continuous operation. A board operator typically monitors the process continually and intervenes as needed [29, 

p. 40]. 
c Multiple FCC technology licensors indicated to the CSB that they also typically design for the regenerator to operate at a higher 

pressure than the reactor during normal operation. 
d The ESP is a pollution control device that removes catalyst particles using charged plates that produce sparksðpotential ignition 

sourcesðas catalyst passes through during normal operation [29, p. 289, 83, p. 4]. 
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Figure 7. Catalyst slide valves. Left: Side view. Right: View from the downstream 
side looking up. (Credit: TapcoEnpro [36] [37] with CSB annotations) 

UOP provides design specifications, including standards for slide valves, in its basic engineering design 

packages. According to UOP representatives, some companies develop their own standards on top of UOPôs 

specifications. 

Refineries typically use differential pressure instruments to estimate the fluidized catalystôs levels and densities 

because FCC catalyst exerts a hydraulic pressure, similar to a liquid, when fluidized [30, pp. 8, 13, 24, pp. 154-

160].a See Figure 8 for the instruments that Husky Superior Refinery operators used to estimate catalyst 

locations, with example catalyst levels depicted in yellow. The reactor level instrument measured the pressure 

difference across the fluidized catalyst layer and displayed the catalyst height in inches. The reactor level 

instrument could detect catalyst levels if they were more than 45 feet above the spent catalyst slide valve, and 

the typical catalyst operating level fell within the instrumentôs detection range during normal operation. 

 
a When FCC catalyst is not fluidized, it does not exert hydraulic pressure; it behaves as a solid like fine sand [30, p. 9, 29, p. 154]. 
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Figure 8. Husky Superior RefineryΩǎ C// ǊŜŀŎǘƻǊ ŘƛŦŦŜǊŜƴǘƛŀƭ ǇǊŜǎǎǳǊŜ 
instruments (person for scale). (Credit: CSB) 

At the bottom of the spent catalyst standpipe, the slide valve differential pressure instrument reported the 

pressure difference (also known as the ñpressure drop,ò ñpressure differential,ò and ñdifferential pressureò [29, 

pp. 155-159]) across the spent catalyst slide valve. The differential pressure across both slide valves was 

positive during normal operation [29, pp. 155, 245]. The level of fluidized catalyst above the slide valves 








































































































































































































































































































































